Abstract
INTRODUCTION

E
ver since the Ocular Hypertension Treatment Study (OHTS) showed that decreased central corneal thickness (CCT) is an independent risk factor that is strongly associated with glaucoma conversion in eyes with ocular hypertension (OHT), CCT became a significant parameter that assume a critical role in OHT and glaucoma management, and gained a particularly wide clinical and investigative attention among. OHTS investigators suggested that thin CCT leads to underestimation of measured intraocular pressure (IOP) when using Goldmann applanation tonometer (GAT), and thick CCT leads to overestimation of IOP measurement [1] .
Using different measurement techniques, this CCT to IOP relationship has been investigated broadly by many several studies later on [2] [3] [4] [5] . They all concluded that any significant variation in CCT may affect true IOP readings, and this was discussed in the adult corneas only. Furthermore, many studies concluded that, in adults, CCT is thicker in patients with OHT than in glaucoma or normal individuals [2] [3] 6] . However, these studies discussed the relationship of CCT to IOP in adults, and little is known about the CCT to IOP relationship in children. In addition, the distribution of CCT and IOP among children and adults is different. The racial factor has also proved to be an essential socio-demographic parameter affecting CCT and IOP. In different studies of Caucasian and coloured adults and children, CCT has been reported to be thinner in healthy eyes of coloured adults [1, 7] and coloured children [8] [9] . Currently, few data available about the normal value distribution of CCT and IOP in children of the Middle East [10] [11] and none from the Arab people. To the best of the author's knowledge, no data available in published literature about the normal value distribution of CCT and IOP, and their interrelation in children of Palestine. Therefore a representative school-based cross-sectional study was primarily conducted to determine the distributions of CCT and IOP in emmetropic eyes of healthy children of Palestine. A second specific objective was to investigate the following: 1) the correlation between CCT and IOP in children; 2) the influence of age and gender on CCT and IOP in children; 3) the intereye asymmetry of CCT and IOP in children.
SUBJECTS AND METHODS Ethical Approval
The ethics committee of Palestinian health research council has approved the proposal of the study and provided a written ethical approval (No. PHRC/HC/161/16-Helsinki Approval). The study protocol was conducted in accordance with the tenets of Declaration of Helsinki. Written informed consent was obtained from either parents or the legal guardian of the child. Of importance, any child brought a signed informed consent from his or her parents or legal guardian but did not cooperate well or simply refused to complete the examination was not included in the current study and was transported back to his or her school. In other words, children's assent to participation in the current study was properly obtained.
Study Design and Distribution of Participants
This study was government schools-based cross sectional study performed in Gaza Strip in coastal western Palestine. This study was supported through a cooperative agreement with the ministry of education and higher education of Palestine and the Islamic University of Gaza, faculty of health sciences department of optometry. According to demographic distribution of schools in Gaza Strip, target schools (n=27) from all governorates were selected randomly to be sampled in this study, and were stratified by class, age, gender. Sample size determination and distribution to cover all governorates in Gaza Strip was statistically attained by the equation of Steven Thompson with the level of significance of 0.05, and then was collected accordingly [12] . A sample size of 400 students of both gender was statistically considered as a representative cluster sample of school-based population (n=79 552). However, sample size was increased by more than 30% (n=178) in order to increase powerful of statistical analysis and reduce type II error. Based on the inclusion criterion of an age 7, 9, 11, 13 and 15y, only 578 children were enrolled in the study.
Examination Procedures and Eligibility Criteria
Refraction examination First, all enrolled students underwent the measurement of distance uncorrected visual acuity using Snellen E-chart (Good-lite Co., Elgin, IL, USA) in special rooms at schools, and only those who attain 6/6 vision in each eye were included in the study. The students were then transported to the clinic to receive optometric and ophthalmic examinations. All ophthalmic imaging studies and nonocular parameters documentation were taken after complete refraction tests. Non-cycloplegic refraction was then measured with an auto-keratorefractometer (RC-5000 Advanced, Tomey, USA). The average of four reliable readings was considered as the valid reading. Finally, all students underwent subjective refraction. To minimize the impact of refractive status on CCT and IOP, the study included only emmetropic eyes of healthy students only. Emmetropia here was defined as those with refractive status between [-0.25 diopter sphere (Ds) to +1.00 Ds and -0.25 diopter cylinder (Dc) to -0.75 Dc] by auto-keratorefractometer, and attained 6/6 vision in each eye without any optical correction. Slit-lamp examination and glaucoma screening Slitlamp examination was performed for all students by one experienced ophthalmologist to examine the anterior and posterior segments of the eye with strict adherence to the study protocol and guidelines. Glaucoma screening had the following four main examination stages. The first, slit lamp examination of the anterior segment, where any suspect anterior chamber dysgenesis of any form, significant ectropion uveae, iris hypoplasia, and congenital cataract of any form were all excluded from the study. The second, biomicroscopic indirect ophthalmoscopy using Volk 78 double aspheric lens to examine the fundus and the optic nerve head (ONH) in particular. A comprehensive ONH examination was carried out, where asymmetric cup-to-disc ratio>0.2, suspect cupping appearance, cupping that violates the ISNT rule (neuroretinal rim area: inferior>superior>nasal>temporal), dislocated cups, neuroretinal rim thinning or notching, peripapillary atrophy of any type, and congenital ONH or macular anomalies were all excluded from the study. Third, spectral domain optical coherence tomography imaging (RTVue; Optovue, Inc., Fremont, CA, USA) for retinal nerve fiber layer thickness, ONH, and macular parameters were all reviewed, studied and documented. Forth, measured IOP. Only IOPs≤21 mm Hg in both eyes were included in the study. Measurement of central corneal thickness and intraocular pressure To alleviate fear or anxiety and to cancel the effect of contact method ocular procedures on measurements of ocular parameters obtained by noncontact methods, all noncontact ocular parameters measurements were first acquired and then followed by measurement of CCT and IOP as the final phase of examination. The measurement of CCT for all participants was performed by one experienced optometrist using ultrasound pachymeter (Sonomed Pacscan 300A+, USA). One drop of 0.4% oxybuprocaine hydrochloride was instilled in the conjunctival sac of each eye for corneal anesthesia. The tip of the ultrasound pachymeter probe was disinfected with 75% alcohol swab and dried. After confirming fixation, the probe touched gently to the cornea without pressure or indentation, and perpendicular to the central corneal surface. CCT of the right eye was measured first and then the same procedure was performed in the left eye within 15s. The average of five reliable measurements was recorded for each eye. In all eyes, the difference between the maximum and minimum reading for the same eye was less than 10 µm. IOP measurement by GAT (Optisal, S.L., USA), was performed for all participants under topical anesthesia using one drop of 0.4% oxybuprocaine hydrochloride instilled in each eye and followed by instillation of appropriate amount of fluorescein. Using slit lamp, the cornea was first re-examined for any surface abnormalities. The tonometer was set at 10 mm Hg before each reading. After confirming fixation, slight upper eyelid elevation by the examiner's finger, without pressing on the globe, was required for all participants in the same manner to avoid blink reflex and IOP re-evaluation. The prism of GAT was gently and slowly introduced to central corneal surface until appropriate fluorescein stained semicircles appear fixed and respect the horizontal midline then the examiner starts introducing variable forces until the inner margins of the semicircles just touch each other. The left eye was measured first and then the same procedure was applied to the right eye. The interval time between the measurements of left and right eye was ≤15s. Each eye was measured twice, but in case of any variation in IOP measurement in the same eye, a third measurement was taken, and such instances were very rare in this study. All participants had their IOPs measured by the author himself, and all measurements of CCT and IOP were taken between 11:00 a.m.-13:00 p.m. at different days and within a two-month period only. Inclusion and exclusion criteria Inclusion criteria of the study included emmetropia, healthy children of an age 7, 9, 11, 13 and 15y, uncorrected distant visual acuity of 6/6 in each eye, a refractive status between (-0.25 Ds to +1.00 Ds and -0.25 Dc to -0.75 Dc) by auto keratorefractometer, and the availability of binocular measurements. Exclusion criteria included a positive history of any type of prior systemic or ocular medical or surgical treatment, positive history of head or eye trauma, glaucoma suspect of any form, uncorrected visual acuity <6/6 in either eye, refractive errors outside the limits of (-0.25 Ds to +1.00 Ds and -0.25 Dc to -0.75 Dc), GAT measured IOP>21 mm Hg in either eye, previous contact lens use, were all excluded from the study. Statistical Analysis SPSS software, version 22.00 (SPSS, Inc., Chicago, IL, USA), was used for data analysis. Frequencies and percentile were used to represent demographics as age, gender and class. Histogram chart was used to represent quantitative and qualitative data of IOP and CCT variables. Values are reported as mean±standard deviation, and P<0.05 was considered statistically significant. One-way ANOVA variance analysis was used to compare CCT and IOP values between the age groups. The paired sample t-test was used to compare CCT and IOP values for right and left eyes, and the independent sample t-test was used to compare CCT and IOP values between male and female groups. Pearson correlation coefficient was used for measuring the relationship between CCT and IOP. Simple linear regression analysis and coefficient of determination R 2 were used to measure the effect of CCT on IOP for both eyes. RESULTS Demographic Characteristics Overall, 578 school children were considered for enrollment, however, 53 (9.16%) children were excluded due to the criteria outlined above. Reasons for exclusion from analysis were: refractive errors (19 subjects), ocular trauma (7 subjects), informed consent disapproval or poor assent (17 subjects), and systemic pathology (10 subjects). In total, the study included 1050 eyes of 525 (90.83%) emmetropic healthy school children aged 7, 9, 11, 13 and 15y. The demographic characteristics of the study population are described in Table 1 Table 5 . DISCUSSION Ultrasound pachymeter and GAT are the gold standard measurement of CCT and IOP, respectively [13] [14] . In this cross sectional study, ultrasound pachymeter and GAT were used to obtain measurements of CCT and IOP, respectively, in Palestinian children for the first time. For this reason, there was a considerable limitation in comparing the values of this study with results of other domestic studies.
Distribution of Central Corneal Thickness and Correlation with Age, and Gender
In this study, mean CCT values in school children were 542.2±37.4 (range: 449-656) and 544.3±39.2 (range: 446-657) µm for right and left eyes, respectively. In studies of the Middle East, mean CCT in Turkish children was reported to be 564.92±32, 557.91±34.2 and 564.92±32 µm [10, [15] [16] . The instruments used to measure CCT, and the age groups in these studies were very similar to the current study. Similarly, Mean CCT in Iranian children was reported to be 556.34±34.2 and 575.1±44.5 (range: 473-667) µm [11, 17] . However, sample size, age groups, and measurement technique were all very different and were not similar to this study. Only one Iranian study [18] has reported a thinner mean CCT (513.47±34.5 µm) than those reported previously. However this study had a small sample size (n=131) and mean Correlation is significant at the 0.01 level (2-tailed). CCT was obtained with specular microscope which has been reported to produce a relatively thinner mean CCT compared to ultrasound pachymeter [19] . In Asian population, mean CCT in Mongolian [20] , Japanese [21] , Malay [22] , and in Chinese [23] children was reported to be 521, 544.3±36.9, 530.87±30.7 and 554.19±35 µm, respectively. This contradiction in values of mean CCT in Asian studies is likely related to the large variations in sample size, age groups, and measurement techniques. Mean CCT has been reported to be between 544 and 563 µm in western Caucasian children [24] [25] and between 559 and 573 µm in USA Caucasian children. While in AfricanAmerican children mean CCT values were reported to be between 535 and 551 µm [9, [26] [27] . The above mentioned results suggest that mean CCT in Palestinian children of Arab origin is slightly thicker than that of African-American and Asian children, and similar or slightly thinner than that of Caucasian children population. This controversy in the results of CCT measurement in children, including the present study, can be attributed to a wide range of different extrinsic and intrinsic factors, such as: racial and ethnic composition of the child population, demographics, measurement technique, children assent, study design, sample size, expertise of the examiner, hereditability and genetics, validity of measurement, health status, instrument calibration, etc., so that each of these factors plays a key role in providing accurate and precise results. In a Meta-analysis study, the mean CCT in children was reported to be 553.69 µm (95%CI: 551.60-555.78) among all races [28] . While the range of CCT values, measured solely by ultrasound pachymeter, in children was estimated to be between 429 to 666 µm [12] [13] [14] [18] [19] 24, [28] [29] [30] . The relationship between CCT and age in children was still controversial. In agreement with other reports, no correlation between CCT and age was observed in children [17] [18] [22] [23] . The results of the current study is also strongly supported by Ehlers et al [29] who suggested that CCT reaches adult levels at around 3 years of age. Published studies that showed a correlation with age, either have a younger age group (6-12y) or a wider range of age (7mo to 18 years old), which is different from age group recruited in the present study (7 to 15 years old) [13] [14] [18] [19] [23] [24] 27, [29] [30] .
The measurement technique and ethnicity may also play a key role in this correlation. In agreement with other studies, no correlation between CCT and gender was observed in children [17] [18] 20, [23] [24] [26] [27] . Only few studies observed a correlation between CCT and gender, in which mean CCT values in males were slightly thicker than in females by 3.23 to 6.4 µm [10] [11] 22] . The author suggests that this correlation is clinically insignificant and may be negligible.
Intereye Asymmetry of Central Corneal Thickness in
Children It has been reported that there are no significant differences in mean CCT values between right and left eyes of children [18, 24] . However, mean CCT values in the present study were thicker in left eyes by 2.1±16.8 µm compared to right eyes. This is in agreement with other studies that confirmed a significant intereye asymmetry in children [10, [20] [21] [22] . In the present study, CCT measurements were taken first in the right eye followed by the left eye; this intereye difference in CCT values may possibly be caused by the order of measurements, and this is in agreement with similar situation reported by Sakalar et al [10] ; another justification is the measurement accuracy of the ultrasound pachymeter; otherwise the author could not find a reasonable clarification for the difference in CCT between the two eyes and suggests that this mild difference is clinically insignificant. In the present study, the calculated normal range for intereye difference in CCT is 0-36 µm.
Distribution of Intraocular Pressure and Correlation with
Age, and Gender According to the results of the present study, the mean IOP in emmetropic healthy children of Palestine was 12.5±2.2 and 12.3±2.2 mm Hg for right and left eyes, respectively. The normal range, which is expected to contain 95% of the children population, was 7 to 19 mm Hg for both eyes. Mean IOP of children aged from birth to 19 years old measured in different techniques was 12.01±3.9 to 17.8±2.7 mm Hg in Turkey [10] , Iran [18] , China [30] [31] , Japan [21] , Poland [25] , India [32] , Spain [24] and USA [26] . This difference in values supports the hypothesis of the existence of ocular structural variation among different ethnic and racial groups [9] . In the Middle East, mean IOP in children reported from Turkey (14.21±2.95 mm Hg) and Iran (13.72±2.04 mm Hg) were relatively higher than mean IOP values reported in the present study (12.46±2.242 mm Hg) [10, 18] . This is in part due to different measurement methods and studied age groups. However, as noted previously, both of Turkish and Iranian children had a higher mean CCT values compared to the present study, and it's well established that eyes with thinner CCT have lower IOP values [1, 33] . The IOP values using pneumotonometer in an Indian study (n=405) aged 0-12 years old was 12.03±3.5 and 12.01±3.9 mm Hg; and mean CCT values were 541 and 552 µm for the right and left eyes, respectively, which is very similar to criteria, methods, and results of the present study [32] . This result indicates that IOP is influenced by variations in CCT values. As a matter of fact, direct comparisons between the studies discussed above, including the present study, can be very difficult and confusing since there is a large variation in methodologies, age group, sample size, race and ethnicity, and more importantly the great variance in the mean CCT values of these studies as mentioned previously. Using GAT, mean IOP values in Palestinian children of Arab origin is considerably lower than that of Iranian, Chinese, and Caucasian children of Turkey, Spain, Poland and USA, and slightly lower than that of Japanese children, and similar to that of Indian children population. The correlation between IOP and age or gender in children is controversial. Some investigators [10, [30] [31] [32] suggested that IOP is positively correlated with age, while others [18, 21, [24] [25] did not find any correlation between IOP and age, which is in agreement with the present study. In agreement with other studies, as well, the author did not find any statistically significant difference in the IOP due to gender in either eye [10, 18, [24] [25] . Only few studies showed that IOP was significantly higher in female than in male children [30] [31] .
Intereye Asymmetry of Intraocular Pressure in Children
It has been reported that there are no significant differences in mean IOP values between right and left eyes of children [10, 24, 32] . However, some investigators confirmed a significant intereye asymmetry in IOP [30] . Mean IOP values in the present study were higher in right eyes by 0.2±1.0 mm Hg compared to left eyes which is clinically negligible and insignificant. This difference may be attributed to the order of measurements since IOP measurements were taken first in the right eye followed by the left eye. In adults, it has been suggested that intereye difference of 3 mm Hg is associated with a 6 percent probability and a difference of >6 mm Hg with a 57 percent probability of having glaucoma [34] . In the present study, the calculated normal range for intereye difference in IOP of children is 0-5 mm Hg. Therefore any greater variation between the two eyes in IOP is to be suspicious and should be carefully examined and monitored. Correlation Between Central Corneal Thickness and Intraocular Pressure Using different measurement technique, numerous studies showed a positive correlation between CCT and measured IOP in children [9, [15] [16] 18, [20] [21] [22] [23] 25, 27] . According to these studies, there has been a well-established quantitative relation between CCT and IOP ranging from 0.32 to 3.5 mm Hg increase in measured IOP for every 100 µm increase in CCT. The present study showed that measured IOP increases 0.024 and 0.022 mm Hg for the right and left eye, respectively, for every 100 µm increase in CCT. This variance in values of quantitative relation among these studies is likely attributed to methodologies, instrumentations, and time of measuring CCT and IOP values. In addition, effect of IOP fluctuation was not taken into consideration though proved to be significant [35] .
It's, however, important to note that this quantitative relation between CCT and IOP should not be interpreted as a correction factor. On the other hand, Haider et al [26] , as a unique exception, did not find any correlation between CCT and measured IOP. This result is most likely due to a small sample size (n=137) of different racial groups, and a wide range of age groups (7mo-18y).
Potential limitations for the present study should be mentioned. First, Gaza Strip in costal western of Palestine is not representative for whole Palestine. For the whole country, however, this study was the first one to report on CCT and IOP in children. Second, this cross sectional study provided only one time measurement for each child. Nevertheless, the absence of correlation between age and gender in IOP does not necessarily indicate that correlation is not existent. Third, the present study has not been able to compare the results with other domestic or international results of Arab children due to lack of similar studies. Forth, this study did not include a younger age group because Goldmann applanation tonometry and ultrasound pachymetry are very difficult to be performed in younger children. Fifth, only one examiner conducted IOP measurement in the current study which may lead to a limitation on investigating the correlation between measured IOP and gender, age, and CCT. In this study, a population profile of CCT and IOP was established in Palestinian children for the first time. Mean CCT is comparable to some studies but differ from others. Mean IOP is considerably lower than that of majority children of other ethnic groups. CCT and IOP in emmetropic eyes of healthy children (7-15 years old) were positively correlated.
Intereye difference of more than 36 µm in CCT, and 5 mm Hg in IOP should prompt evaluation for potential ocular disorders. In this study, CCT and IOP were not correlated to age or gender. Findings of this study can be used as a reference for diagnostic and clinical purposes. 
